Radiation therapy planning is often a tight rope walk between dangerous insufficient dose in the target volume and life threatening overdosing of organs at risk. Finding ideal balances between these inherently contradictory goals challenges dosimetrists and physicians in their daily practice. Todays inverse planning systems calculate treatment plans based on a single evaluation function that measures the quality of a radiation treatment plan. Unfortunately, such a one dimensional approach cannot satisfactorily map the different backgrounds of physicians and the patient dependent necessities. So, too often a time consuming iterative optimization process between evaluation of the dose distribution and redefinition of the evaluation function is needed. In this paper we propose a generic multi-criteria approach based on Pareto's solution concept. For each entity of interest -target volume or organ at risk -a structure dependent evaluation function is defined measuring deviations from ideal doses that are calculated from statistical functions. A reasonable bunch of clinically meaningful Pareto optimal solutions are stored in a data base, which can be interactively searched by physicians. The system guarantees dynamic planning as well as the discussion of tradeoffs between different entities. Mathematically, we model the inverse problem as a multi-criteria linear programming problem. Because of the large scale nature of the problem it is not possible to solve the problem in a 3D-setting without adaptive reduction by appropriate approximation schemes. Our approach is twofold: First, the discretization of the continuous problem results from an adaptive hierarchical clustering process which is used for a local refinement of constraints during the optimization procedure. Second, the set of Pareto optimal solutions is approximated by an adaptive grid of representatives that are found by a hybrid process of calculating extreme compromises and interpolation methods.
Abstract. Radiation therapy planning is often a tight rope walk between dangerous insufficient dose in the target volume and life threatening overdosing of organs at risk. Finding ideal balances between these inherently contradictory goals challenges dosimetrists and physicians in their daily practice. Todays inverse planning systems calculate treatment plans based on a single evaluation function that measures the quality of a radiation treatment plan. Unfortunately, such a one dimensional approach cannot satisfactorily map the different backgrounds of physicians and the patient dependent necessities. So, too often a time consuming iterative optimization process between evaluation of the dose distribution and redefinition of the evaluation function is needed. In this paper we propose a generic multi-criteria approach based on Pareto's solution concept. For each entity of interest -target volume or organ at risk -a structure dependent evaluation function is defined measuring deviations from ideal doses that are calculated from statistical functions. A reasonable bunch of clinically meaningful Pareto optimal solutions are stored in a data base, which can be interactively searched by physicians. The system guarantees dynamic planning as well as the discussion of tradeoffs between different entities. Mathematically, we model the inverse problem as a multi-criteria linear programming problem. Because of the large scale nature of the problem it is not possible to solve the problem in a 3D-setting without adaptive reduction by appropriate approximation schemes. Our approach is twofold: First, the discretization of the continuous problem results from an adaptive hierarchical clustering process which is used for a local refinement of constraints during the optimization procedure. Second, the set of Pareto optimal solutions is approximated by an adaptive grid of representatives that are found by a hybrid process of calculating extreme compromises and interpolation methods. Intensity-modulated radiotherapy (IMRT) has a much greater potential to shape dose distributions than conventional radiotherapy with uniform beams [3] . This capability has been used to tailor the dose distribution to the tumor target volume in conformal radiotherapy. In general IMRT allows one to achieve a better dose conformation, especially for irregularly shaped concave target volumes. The improved physical characteristics of IMRT can lead to improved clinical results, as was suggested in recent clinical studies. Although IMRT is already in clinical use at several hospitals in Europe and many in the USA, there is a lot of potential and need for further improvements.
In most systems IMRT planning is considered as an optimization problem. The goal is to find the parameters (intensity maps, sometimes also beam orientations, energy, etc.) that yield the best possible treatment plan under consideration of various clinical, technical, and physical constraints. A huge number of current research activities are related to this problem. In this presentation we will focus on the principal optimization concept.
Current optimization strategies
IMRT allows for a much greater flexibility in the delivery of spatial radiation dose distributions. Nevertheless, because of physical limitations, it cannot deliver the ideal dose distribution, which is 100% in the target volume and 0% everywhere else. While IMRT does allow to achieve a somewhat steeper dose gradient between normal tissue and the target volume, especially for irregularly shaped targets, the steepness of the gradients is still physically limited; the 20% to 80% penumbra is at least about 6 mm wide. As a consequence of this, the minimum target dose equals the maximal dose in the critical structure, if the target is directly abutting to a critical structure. In a more general sense, the goals of delivering a high dose to the target and a small dose to the critical structures contradict each other.
Weight factors
The goal of the optimization is to find a suitable compromise between target coverage and normal tissue sparing. One way how this is actually done in current IMRT planning systems is to combine objectives or costlets for the different critical structures (F R k ) and the target volume (F T ) using weight factors w (also called penalties or importance factors). Mathematically, an objective function is defined that is of the form F = w T F T +w 1 F R1 +. . .+w K F R K . By using a large value for w T , more emphasize is put on the target dose, and vice versa. The problem of this approach is that the weight factors have no clinical meaning. Suitable weight factors have to be determined by trial and error, which may be quite time consuming.
Constraints
Another approach, which is also used in commercial planning systems, uses constraints on, say, the maximum dose in the critical structures or the minimum dose in the target. Here the potential problem is that there is no reward for reducing the dose in the critical structures below the tolerance.
